by the difference between the N/Z-ratios in the light fragments of the DNS formed during the capture in these reactions. The N/Z-ratio has been found by solution of the transport master equations for the proton and neutron distributions between fragments of the DNS formed at capture with the different initial neutron numbers N = 18 and N = 20 for the reactions with the 34 S and 36 S, respectively.
Introduction
The complete fusion of two colliding nuclei and de-excitation of the formed excited compound nucleus (CN) are topics of a great interest in physics of nuclear reaction.
The de-excitation of the CN through the evaporation of neutrons can lead to the synthesis of the heaviest elements (with the charge numbers Z = 108-118). A significant difficulty in producing the heaviest elements in fusionevaporation reactions is very small cross sections, which can be attributed to the hindrance at the formation of the CN and/or to its instability against fission. The high accuracy of measurements of the ER cross section stimulates studies of the peculiarities of the reaction mechanism in experiments producing transuranic elements. For this aim, in Ref. [1] , the authors compared two reactions with the different isotopes of S and Pb leading to the same nucleus 242 Cf. The measured cross section for the 2n channel of 36 tions of the CN excitation energy. In Ref. [1] , the authors noted that the difference of only two neutrons in projectile and target nuclei has such a strong influence on the fusion probability. This amazing result requests its further explanation.
The first attempt was made by the authors of the experiments in Ref. [1] by the description of the fission excitation functions using the coupled-channels calculations (code CCFULL [3] ) with coupling to vibrational states; the evaporation residue cross sections were estimated by the statistical code HIVAP [4] , normalizing the capture cross section calculated by the HIVAP to the measured capture cross sections. Regardless of this procedure, the authors modified the parameters of the HIVAP code for the survival probability of 242 action. This must be attributed to the different nuclear structures of the reaction partners in the two reactions and closer matching of N/Z ratios in the latter reaction, as found in Ca + Pb reactions [5] . The authors could not explain the appearance of the hindrance to fusion causing the value P CN =0.1. One of the reasons of difficulties in study of hindrance to fusion is difference in the theoretical and experimental views to the capture events.
In this work we try to establish reasons causing difference at the CN formation in the two reactions under discussions by the theoretical analysis of the formation of dinuclear system (DNS) after capture and its transformation into the CN. In Section 2 the different views in estimation of the capture cross section are shortly discussed.
The methods of calculations are briefly presented in Section 3 and results of the capture and fusion cross sections are discussed in Section 4.
Different views to the definition of capture
In the deep-inelastic collisions, the full momentum transfer of the relative motion does not take place and interaction time of the colliding nuclei is relatively shorter than in the case of capture reactions which request the full momentum transfer. The main difference between deep-inelastic collision and capture events, which can be observed in experiment, is a value of the total kinetic energy of the reaction products. The total kinetic energy of the products formed in the capture reaction are fully damped and its value is significantly lower than the initial collision energy More detailed analysis should be performed in our future research devoted to this topic. The yield of the projectileand target-like products of the capture reactions is responsible for the decrease of the events going to the complete fusion and this mechanism can be considered as hindrance to complete fusion which is not studied by experimentalists.
The correct estimated quasifission cross section σ qf contains a contribution of the yield of projectile-(σ P Lqf ) and target-like (σ T Lqf products together with asymmetric (σ asymqf ) and symmetric (σ symqf ) fragments of the DNS decay:
Usually the contributions σ P Lqf and σ T Lqf to quasifission
are not considered at the estimation of the capture though the strong yield of these products decreases the amount of events leading to complete fusion. Unfortunately, often these quasifission products are considered as products of the deep-inelastic collisions and their contribution is not included in the capture cross section at the estimation of the fusion probability P CN from the analysis of the experimental data.
where σ ER and σ f usion−f ission are the evaporation residue and fusion-fission cross sections, respectively; the cross section of quasifission estimated by the assumption of experimentalists isσ qf = σ asymqf + σ symqf . For example, the experimental data of capture cross section presented in Ref. [8] were compared with the theoretical results in
Ref. [9] . The separation of the mass symmetric products of quasifission σ symqf from the fusion-fission products is the other interesting and difficult problem of future theoretical and experimental studies [10, 11, 12] .
Therefore, the experimental value of P CN is larger than its theoretical value. This means that the estimated capture cross section from the analysis of experimental data is smaller than theoretical capture cross section calculated as a sum of the full momentum transfer events. Theoretical values of the capture cross sections are calculated with the quantities characterizing the entrance channel by for-
where P 
Theoretical model
The dynamics of complete fusion in heavy ion collisions at low energies is determined by the orbital angular momentum, the charge and mass numbers, shape, orientation angles of their symmetry axis and the shell structure of the interacting nuclei. The probability of the mass and charge distributions between fragments of the DNS and the probability of its decay depend on the shell structure, the excitation energy and angular momentum of the system. Therefore, it is important to include into considera- 
where V Coul , V nucl and V rot are the Coulomb, nuclear and rotational potentials, respectively. In the case of collision of nuclei with the deformed shape in their ground states, the dependence of the nucleus-nucleus potential on orientation angle of their axial symmetry axis should be taken into account. We refer to Ref. [16] and Appendix A of
Ref. [14] for the detailed expressions of these potentials in terms of the orientation angles of the symmetry axis of the colliding nuclei. The surface vibrations are regarded as independent harmonic vibrations and the nuclear radius is considered to be distributed as a Gaussian distribution [19] ,
where α is the direction of the spherical nucleus. For simplicity, we use α = 0:
where ω λ is the frequency and D λ is the mass parameter of a collective mode. states (see Table 1 ) are much larger than interaction time of colliding nuclei at capture and complete fusion times which do not precede 10 −19 s. Therefore, deformation parameters β 2 and β 3 can be considered as the frozen values during the capture process.
The partial capture cross-section σ
determined by calculation of the capture probability
cap (E c.m. , {β i }) of trapping the curve presenting the dependence of total kinetic energy on the time dependent internuclear distance into the potential well of the nucleusnucleus interaction:
Here λ is the de Broglie wavelength of the entrance channel. The capture probability P (ℓ)
cap (E c.m. , {β i }), which is calculated by classical equation of motion, is equal to 1 or 0 for given beam energy and orbital angular momentum.
In dependence on the beam energy, E c.m. , there is a ℓ-window (ℓ m < ℓ < ℓ d ) for capture as a function of orbital angular momentum: [14, 20] :
where J DNS is the DNS moment of inertia and it is calculated by the rigid-body approximation as
where R(β i1 , β i2 ) is the distance between the centers of nuclei at their given vibrational states i 1 and i 2 of colliding nuclei; J R andθ, J 1 andθ 1 , J 2 andθ 2 are the moments of inertia and angular velocities of the DNS and its fragments, respectively. We also defined R 1eff = R 1 + a and R 2,eff = R 2 + a, where R 1 and R 2 are the radius of the interacting nuclei with a = 0.54 fm [14] . Here, L 0 and E rot are determined by the initial conditions. The initial value of the relative distance R is taken equal to 20 fm; the initial values of the orbital angular momentum L 0 is given in the range 0 ÷ 80h by the step ∆L = 5h since fission barrier disappears at ∆L = 60h; the initial velocity of the projectile is determined by the values of E c.m. and L 0 .
The nucleus-nucleus interaction potential, radial and tangential friction coefficients and inertia coefficients are calculated in the framework of our model [14, 15, 16, 21] .
It should be stressed that friction coefficients γ R and γ θ of the relative motions are sensitive to the shape of the colliding nuclei (see Ref. [14] ). For simplicity in the presentation of formulas the following labels are used in Eq(s) (9)- (18) of motions
where R(t) is the relative distance,Ṙ(t) ≡ dR(r)/dt is the corresponding velocity.
In sub-barrier capture processes, the barrier penetrability formula is derived from the WKB approximation and it is calculated by:
where
R in and R out are inner and outer turning points which were estimated by V (R) = E c.m. .
The second stage is an averaging by the expression (22) to find an averaged value of the partial capture cross section over surface vibrational state:
The deformation parameters of the vibrational states can be considered as frozen during the capture process since as it is seen from the Fig. 2 . The capture probability for the former reaction is about 4 times larger than the one of the latter reaction since the potential barrier calculated for the latter reaction is higher and thicker than the one for the former reaction since the projectile 36 S has larger N/Z -ratio than 34 S.
The role of the initial orbital angular momentum ℓ in the heavy ion collisions can be seen from the Table 1 .
higher than the one obtained for the 36 S+ 206 Pb reaction.
The low barrier of the entrance channel is favorable to decrease the CN excitation energy since it makes lower threshold value of the beam energy leading to the CN formation.
The total capture cross section is found by summarizing over partial waves: 
Evolution of the DNS
The evolution of DNS to complete fusion or quasifission is determined by the landscape of potential energy surface (PES) and nucleon distribution in the single-particle 
where U max dr (ℓ) = U dr (Z max , A max , ℓ). The mass and charge distributions among the DNS fragments are calculated by solving the transport master equation:
for K = Z, N (for proton and neutron transfers). Here (26) we have used the following designations:
Note these quantities and all quantities characterizing the single-particle statesε, n (K) P,T and matrix elements g 
where the matrix elements g ih ∂ñ
where H is the sum of the collective Hamiltonian H rel of the relative motion of interacting nuclei of DNS, the secondary quantized Hamiltonian H in of the intrinsic motion of nucleons in them and the coupling term V int corresponding to the interaction between collective relative motion of nuclei and intrinsic motion of nucleons,
The last term V int is responsible to excitation of the DNS fragments and it leads to evolution of the occupation numbers of nucleons. The use of the linearised collision term in Eq. (28) allows us to determine the time dependent occupation numbers evolve to the thermal equilibrium ones
iP is the relaxation time of the excited singleparticle state i P of the light fragment "P " (i T for heavy fragment "T "). The details of calculation can be find in
Refs. [20, 31] . The thermal equilibrium occupation numbers are calculated by the usual expression:
where T Z is the effective temperature of DNS with the charge asymmetry Z and its value is determined by the excitation energy E * Z of DNS as the Fermi-gas tempera- The probability of the yield of the quasifission fragment with the mass and charge numbers, A and Z, respectively, after interaction time t int of DNS is estimated by
where P A,Z (E * A,Z , ℓ, t) is the probability of population of the configuration (Z, A) of the DNS at the given values of the excitation energy E * Z (A), angular momentum ℓ and interaction time t. The interaction time t int is calculated as the decay time of the DNS (details of calculation are presented in Ref. [33] ). The analysis of the yield and mass distribution of quasifission products is not subject of this work. This important and interesting research is the aim of our work in future to make a conclusion about fusion mechanism of heavy nuclei.
In this work we use only mass and charge distributions The charge number Z and corresponding mass number A are used to calculate PES which allows us to calculate the fusion probability P CN as a function of the mass and charge asymmetry of the DNS nuclei. Therefore, the contributions to the complete fusion of different configu-rations are different and their ratio depends on the time of calculation.
Fusion cross section
The partial fusion cross section is determined by the product of capture cross section σ (ℓ)
cap (E * CN , {β i }) and the fusion probability P CN of DNS for the various excitation energies [16, 25, 26, 34, 35] by the use of formula:
as the sum of contributions to complete fusion from the charge symmetric configuration Z sym of DNS up to configuration corresponding to the maximum value of the driving potential Z max :
where E * Z is calculated by formula (31) and the weight function P Z (E * Z , ℓ) is the mass and charge distributions probability P Z (E * Z , ℓ) in the DNS fragments is determined by solution of the transport master equation (26); the fusion probability P on mass asymmetry axis to complete fusion and over B sym (Z) in opposite direction to the symmetric configuration of the DNS:
Here, the complete fusion process is considered as the evolution of the DNS along the mass asymmetry axis overcoming B f us (Z) (a saddle point between Z = 0 and Z = Z P = 16) and ending in the region around Z = 0 or fig. 7) . The evolution of the DNS in the direction of the symmetric configuration increases the number of events leading to quasifission of more symmetric masses.
This kind of channels are taken into account by the term Γ sym (Z). One of the similar ways was used in Ref. [36] .
The complete fusion can be presented by the formula of the width of usual fission [37] :
; usually the value of the factor
in (36) is approximately equal to the unit. Inserting Eq.
(36) in (35), we obtain the expression (38) used in our calculations [33] :
Putting the level density function of the Fermi system leads to formula of the calculation of fusion probability for the given values of the DNS excitation energy E * Z and angular momentum L from its charge asymmetry Z: 
The fusion cross section is calculated by summarizing contributions of all partial waves (angular momentum):
The averaged value of the partial fusion cross section is calculated by the same method as in the case of partial capture cross section:
The evaporation residue cross sections after emission 2 and 3 neutrons is calculated by the use of σ is calculated by the use of the friction coefficient which is determined by the particle-hole excitation of the nucleons in nuclei and nucleon exchange between them [21] .
At the sub-barrier energies the probability of capture is determined by the WKB approximation. corresponding to the collision energy in the center of mass system E c.m. has been used for the convenience of comparison of the corresponding experimental and theoretical cross sections of these reactions. It is clearly seen in Fig. 10 that the excitation fusion function of the 36 Consequently, the threshold energy E * min CN for the first reaction is significantly lower than the one for the second reaction. Therefore, the condition to increase the evaporation residue cross sections has been revealed. 
Conclusion
The difference between observed cross sections of the ER 
